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[33] One-Dimensional Gel Electrophoresis 
% David E. Gawfin 



Sodium dodccyl suliate-poIyactyWde gel electa 
PAGE) is an excellent method with which to identify and monitor proteins 
during purification and to assess the homogeneity of piled fractions. 
SDS-PAGE is routinely mi for the estimation of protein mktii mote- 
alar weights and for determining the siunit composite of pied 
proteins, SDS-PAGE can iio be sealed up, for \m in a preparative 
mode, to yield sufficient protein for further studies, In addition, two* 
dkensional analysis, combining isoelectric focusing with SDS-PAGE, 12 
is a very high-isolation method for protein fractionation, enabling thou* 
sands of polypeptides to be resolved in a single gel When mi k con 
junction with blotting methods? SDS-PAGE provides one of the most 
powerful means available for protein analysis, 

A great many electrophoretk systems have been developed and no 
attempt, is made to summarize them here, In particular, the distinctions 
between the various ^eontkious" and '%onfaoi M buffer systems 
are not discussed* nor are alternative support matrices considered, Gradi- 
ent gels (gels whose pore sizes vary) are also omitted km discussion, 
since these can be prepared by relatively straightforward adaptation of 
any of a number of well-known methods for forming gradients, Rather, 
only the most common M most reliable) analytical SDS-PAGE proce- 
dure 4 is described. Those wishing further iformaiion on the practical or 
theoretical aspects of eiectroptatie processes can use Refs. 5 through 8 
to gain access to the large volume of literature in the held. Some problems 
may require adoption of alternative pnxjedures,^ 11 but for most applica- 
tions the SOS-PAGE method presented here will perform satisfciorily. 



mi Dunbar. K. Kimara. and "t M/TtajiK. this vdhime.pfl. 
n mm jew T «k \%l 

• T. M. Tinwnoas M il S, Dankr, :& vok\e (Slj. 

* 11 K. U«li, Mm (Lmion) % 63) (!9/fl). 

'A, T kikm. 'tktt%i\m^ Theory, Mm^, ml faxkwti m CM 

AppioiOT/ 1 2nd Ed, Oxford Urn Press. New York 1986, 

•I D. iiw, « Bktrophords of Proteins: A fetid Approach" {I Mm& 

?d D. Rktad, fids.), f L IRL to, GaMMI. 
' 1 t .-Alter.; C, A. -gravis, -a.«d H, R. Maurer, "Gel Keclrqffeorcs* and is^k-cu-io 

taag of Prow kkcrd Toctejiies." de Gruyter, Berlin, 



MBfHOK iN i;N/;VM ; K.(iOy. VOL « Ail :;J,b »ff,w*K:; •>« >sv •*« :«■.;:>*;( 



426 PURIFICATION PBOtEDMES: tLECIROPHORETIC METHODS 



[33] 



WJmmStl Gfl REfROPHOKliSiS 



427 



Although the detailed theory of gel electrophoresis is complicated and 
at present incompiete, 1 ^^ the Mmtml concepts are easily under* 
stood. BiieSy. In an electrophoretic separation, charged particles m 
caused to migrate toward the electrode of opposite sign under the \A* 
ence of an externally applied electric field. The niovements of the part 
cles are retarded by iatcractlons with the surrounding get matrix, which 
acts as a molecular sieve. The opposing interaction* of (he electrical force 
and molecular sieving result in itaial migration rates for the constit- 
uent proteins of a sample. 

In general fractionation, by gel electrophoresis b based on the sizes, 
shapes, and net charges of the macramokcules, Systems designed to 
fractionate proteins in their native configurations cannot distinguish be- 
tween the effects of size, shape* and charge on electrophoretic mobility, 
As a consequence, proteins with differing molecular weights can have the 
same mobility in. these system Thus, while PAGE methods for native 
proteins are valuable for separating and categorizing protein mixtures, 
they should not be used to assess the purity of a preparation or the 
molecular weight of an unknown, 

SBS-PAGE overcomes the limitations of native PAGE by imposing 
uniform hydradynamlc and charge characteristics on all the proteins in a 
sample mixture, Daring sample preparation, proteins are treated with hot 
SDS . The anionic detergent binds tightly to most proteins at about 1 ,4 nig 
of SDS/mg of protein, imparling a negative charge to the resultant com- 
plexes/' Interaction with SDS disrupts all sxmeovalent protein bonds, 
causing the macromolecules to mf&t Concomitant treatment with a 
disiide^educmg ageri such as 2*mercaptoemauoi or dliothreito! } fur- 
ther denatures proteins, breaking them down to their constituent sub- 
units. The electrophoretic mobiles of the resultant detergent-polypep- 
tide complexes I assume the same functional, .relationship to their 
molecular weights. Migration of SDS derivatives is toward the anode at 
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rates inversely proportional to the logarithms of their molecular 
weights. 1111 -' 1 ' SDS polypeptides, thus, move through jgeis in a predictable 
manner, with lowrmoiecular-weiglt complexes migrating faster than 
larger ones. This means that the molecular weight of a protein can be 
estimated from its relative mobility in a calibrated SDS-PAGE gel and 
that a single band in such a gel is a criterion of purity. 

Most electrophoresis is done in vertical chambers in gel slabs formed 
between two glass plates^ The slab format provides uniformity:, so that 
different samples can be directly compared in the same gel. Gel thick- 
nesses are established by spacers placed between the glass plates and 
sample wells arc formed in the gels doting polymerization, with plastic, 
comb-shaped inserts, Electrophoresis cells provide means for sealing the 
assemblies during gel formation and for maintaining contact with the dec- 
trode buffers during runs. The better cells provide means for heat dissipa- 
tion, because uneven heat distribution in the gel slab can cause band 



Conventional gels are of the order of 1 6 to 20 cm long, 16 cm wide, and 
U4Mn in thickness and can accommodate about 15 samples. Thick 
gels have greater total protein capacity than thin ones, but are conre* 
spondingly less efficient at dissipating electrically generated heal and 
more difficult to stain and destak Gel thicknesses of 0.75 or I mm are 
good compromise sizes, combining adequate protein loads and good 
staining speeds with minimal heat-related distortions. Typical runs take 

ii 

Smi-kot ceils (miniceOs) allow rapid analyses and are adequate 
tor relatively uncomplicated samples. The design of these cells allows 
analyses to be completed two to three times feter than is possible with 
conventional cells. The gels are about J em long x i cm wide and are very 
easily manipulated. Each gel can hold up to about 15 samples and a 
typical run can be completed in less than an hour (not counting set-up and 
polymerization time). The resolution of complex samples may be better is 
conventional gels than with. niimeelSs, since the separation of protein 
bands is improved By increasing the lengths of SBS-PAGE gels, 

FolpcrytamideGels 

Polyacrylamide gels are formed by copolymeri»n of acrylarnide 
monomer, CR«CH~CO~NK>< and a cross-Sinking comonomer, 

w A. L Shpim I Vfeia. and I V. M<M ,lr M BwchmM^ fc Cmm, % 
17 K. Wskr M U, Os'bwn, I M CkmM, 4406 (1969). 
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CO CIKH? >( (bj^yliiinide)?- 1 ^ The mchmm of gel formation is 

vinyl addition polymerisation .and is catalyzed by a free "radical-generating 
pein compose! of i®w pfc (the iaitiator) and an accelera- 
tor, tetramcthyiethyknediadne (TEMED). TEMED caw the f» 
tion of free radicals from persu&te and these in turn catalyze polymeria 
tk Oxy|ei a radical scavenger, interferes with polyaierimioii, so that 
proper degassing to remove dissolved oxygen from, aciydanik solute 
is crucial for reproducible gel formation. 

The sieving properties of a gel are established by the three-dimea- 
stal network of fibers and pores which k formed as |e biftinetW 
bisaerykniide crosslinks adjacent polyacrviamide chains^ : Within, lim- 
its, as the acrytaiide concentfation of a gel increases, its effective pore 
size decreases. The effective pore size of a ge! is operationally defined by 
its sieving properties; that is, by the resistance .it-imparts to the migration 
of protein molecules. By conventions given gel is physically character- 
ized by the pair of figures Ml %Ci where %Th the weight percemagc 
of total winer {acrylaraide t cross'lmker, in grams per 100 til and 
%0 isthe proportion of cross-linker (as a percentage of total monomer) in 
the gel Tk practical limits for » lie between 3 and Wo, Ik km 
go verning pore size are complicated, but, in general, the pore size of a gel 
decreases as If iacreases. For any given fed %l pore size is at a 
minimum at about 5% t increasing at both higher and lower cross-linker 
concentrations. 5 ^* 

The use of high#a% reagents is a prerequisite for ^producible, 
high-resolution gels. This is particularly true of acrytamide, which con* 
tytes the most abundant component in the gel-monomer mixture. Resid- 
ual acrylic acid, fear poiyaerylarnide, and ionic impurities are the top 
contaminants of acrylatnide preparations, Moreover, bufer components 
should be of reagent grade and ody distilled or deiomzed water should be 
used for i phases of gel electrophoresis, 

ential protein-bindini properties of impurities such as C»- ? and 
alkyl sulfates can cm single proteins to fan multiple bands In gels? 
Even with pure SOS, very basic proteins, very acidic proteins, mm 
glycoproteins, and lipoproteins, because of their unusual compositions. 
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Principle of Method 

The most popular ektrophoretic methodis the SDS-PAOB system 
developed by torali,^ This is % dkonfcotts system consisting of 
two contiguous, but distinct gels; a resolving or separating (lower) .gel and 
astacking(npper) gel. The two gels are cast with differ porosities, P H 
and tome strength. In addition, different mobile ions are used in the gel 
and electrode buffers. The buffer discontinuity acts to concentrate large 
volume samples in the stacking gel, resulting in better resolution than is 
possible using the same sample yolite in gels without stackers, U 
ten, once concentrated in the stacking gel art separated in the resolving 
p 

^ The Laenunli SDS-MGE system is made up of four components 
hm the top of the cell downward, tee are the electrode buffo the 
sample, the stacking gel, and the resolving gel. Samples prepared in low- 
conductivity buffer {0,06 M mi pH U) are loaded between the 
higher conductivity electrode (0,t)25MTris J.192Mivcine,pHr^nd 
stacking gel (0,125 M Tns-Gl, P H 6.S) Mm. When power is applied, a 
voltage drop develops across the sample solution, which drives tie prr> 
terns into the stacking gel. Glycinate tons from trie eiecuode buffer follow 
the proteins into the stacking gei. A moving boundary region is rapidly 
taed with the highly mobile chloride ions in the front and tk relatively 
*w glycinate ions in the rear.^ l) ^ A localized high-voltage gradient 
tas between the leading and trailing ion fronts, causing the SD5~pn> 
tetn complexes to form into a thin zone (stack) and migrate between the 
chlonde and glycinate phases, Within broad limits, regardless of tk 
height of the '^M sample, ail SDS-proteins condense into a very nar- 
row region and enter the resolving gei as a well-deW, thin zone of high 
protein density, fie stacking phenomenon is strikingly demonstrated 
with wmd protein standards, which are natures of proteins deriva- 
Died With reactive dyes.) The targe-pore stacking gel (4% ?} does not 
reW .the mignttion of most proteins and serves mainly as an attticonv^ 
live medium. At the interface of the stacking and living gels, the 
proteins experience a sharp increase in Nation due to thwtrictive 
pore size of tk resolvinggel, (Froteinstoolatie to enter the resolvinggel 
will stop at the interface.) Once in the resolvinggel proteins m6mto 
be slowed by the sieving of the Mtk The glyciMte ions overtake the 
proteins, which then move in a space of unite pH (pH 9.5) formed by 
the Tris and glycine, Mokulanievjag causes the SDS-polvpeptide co^ 
Pipes to separate on the basis of their mokuk weights. 

'* E \ m. mm, % m mil 
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Procedure 



Eppent and reagents for -SOS-PAGE can be obtained from a van 
ety of suppliers. Electrophoresis cells vary iu design, k their operation 
generally 'feBows-ite steps outlined below, Since ihe many avaiiaWe.dk 
differ in size, formulations are presented in coaveniently sized ante for 
simplicity. Required volumes can be prepared using niiipfe of fee 
unit sies, Except where noted, reagents for SD5-PACE -caa be prepared 
as concentrated stock solute 

Acrylamife concentrate (3(1 1 2.1% C): BWIve 29,2 g of acrylam* 
ide and 0,8 g of bixacryWde in 70 ml of deionized water. When tie 
acrviamide is completely dissolved, add water to a ted volume of 
100 ml f titer the soluiiorv under vacuum through a 0,45^m mem- 



month. Caution: Aerylamide monomer is a neurotoxin, Avoid 
breathing acryfciie dust, do not pipette acrviamide solutions by 
mouth, and wear doves when handling acrytaiide powder or .solu- 
tions containing it. For disposal of unused acrviamide, add bis- 
acrviamide (if none is present), induce polymerization, and discard 
the solidified gel 

15 M Tris-CI, pH li concentrated resolving gel buffer; Dissolve 112 

g Iris base in *# ml of water, adjust tci j>H U wife HQ. and add 

water to a final volume of 100 mi, Store at 4' 
6,5 U Tris-Cl pH 6.8, concentrated stacking gel buffer: Dissolve 6,1 g 

Tris base in ml of wafer, a#i$t to pH W with HQ, and ai 

water to alai volume of 100 ml, Store at 4* 
\l% (w/v) sodium dodecyl Ate (SOS): Dissolve 10 gSDSin mi 

of water and add water to a final volume: of 100 ml 
Stock sample buffer (ft##TfW, pB 6.8, 2% SDS, M glycerol 



Water U ml 

OJMTrk-a pH6.S \M 

mm m 

Glycerol 1.0 ml 

OS Bromphenol Bine (w/v water) 0.5 ml 



ing 50 ,al of 2-mercaptoethanol to each 0.95 ml of stock sample buffer 
before use 



i 
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101 ammonium pepfate (APS): Dissolve 100 mg APS in 1 ml of 
water, Make the APS solution fresh daily 

TIMED ^,iV f , N ' Ht;tnimethy Jeth yleiiediami nc): Use TEMED on- 
diluted from the bottle, Store cool, dry, and protected from light 

Electrode b*: 0.025 M Irk 0J92 M glycine. Oil (w/v) SDS, pH 
0 (0,3 g Tris base. 1.4 g glycine, I mi 101 SDS/100 mi electrode 
buffer). Do not adjust the pH of the electrode bufe; just mix the 
reagents together and confirm that the pH is near 13 (i0.2). Elec- 
trode buffer can be made as a 5.x concentrate coding of 15 g Tfe 
base, 72 f. glycine, and 5g SDS/ liter. 5>; electrode buffer concentrate 
must be stored in glass containers, To use 5 x concentrate, dilute It 
with four parts wafer 



Thoroughly clean the glass plates, spacers, combs, and upper buffer 
reservoir of the gel apparatus with detergent and rinse them well. Wear 
gloves while assembling the equipment. The resolving gel is cast first, 
then overlaid with the stacking gel 



the manufacturers instructions or by calculation, A 1* to 2«em stacking 
gel % used above the resolving gel. Determine the height to which the 
resolving gel is to be poured by inserting a well-forming comb between the 
glass plates and marking the outer plate 14 cm below the teeth of the 



combining all of the reagents in Table t except the ammonium | 
(APS) and TEMED; a disposable, plastic beaker is a convenient mixing 
vessel The two gel recipes given in Table 1 cover the molecular weight 
ranges usually encountered, Gets of any other aerylamide concentration 
desired^ can be prepared by adjusting (only) the amounts of 30% mono- 
mer stock and water mi in the recipes. Deaerate the solution under 
vacuum (e.g M in a bell jar or desiccator) for at least 15 min. 

3, Gently mix the APS and TEMED (Table I) into the deaerated 
monomer solution, Using a pipetand bA add tk monomer solution 
between the gel plates up to the mark delimiting the resolving gel, imme- 
diately overlay the monomer solution with water-saturated IMwi or 
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TABLE! 

FOWUTKM OP mum hWLSW CdW 



Water 

Acrykiide/fos ; M- 1, VM C\ 
TEMED 



4.83. nil 
2.5 d 
ill ni 
15 ist 
50 id 
5i| 



2.5 ml 
04 $1 



Any ileiiird vofame of mower solution tta k .prepared 
by using muftiplevof the M recipes. Combine- she firsi 
four itcrn^ ant) teste tfee iMm itndef vacuum fbt 15 
m. Start polyKierization by atMing waiMi pe-rsttlfete 
and TEMED. 

^Fot pttim to tfe approximate molecular 

weight range between 40fc and PL 
■ ; For B.lteAicd proteins in the approximate molecular 

weigh- fsngt between 10K and lflQK. 
'to make i'0?^miiu©peni«!feiefAPS}. dissolve HWrag 

APS in I ml of water. Make the APS solution fresh daily. 



tertmt alcohol to exclude air, which might inhibit polymerization, from 
the surface of the woster mixture. Allow the gel to polymerize to 45 
mln to 1 far; Polymerization, k evidenced by the appear^ of a sharp 
interface beneath the overlay , which will start to become visible in about 
15 ft. Wperafa is essentially complete k about 90 ft, but the 
backing gel can be poured after about an km: 1 Allow unused monomer 
to polymerize in the beaker and discard the gel, 

i Prepare 10 ml of stacking gel mmmt solution (4% 1, IMC\ by 
combining 

Water 6.1 U 

mwa^u 2.5 tui 

Acrykmide st*xk .soiution (30% T) 1,3 ml 

mm 

.Deaerate the monomer solution under vacuum for at test 15 ft, 

5, Thoroughly xmM top of the resolving gel with watered dry the 
area above it with filter paper. Place a we!!%ftg comb between the gel 
plates and tilt it at a Ml angle to provide a way for t 

a Bio-Sad Lab.. Bull. No J 151; 



A. 



6. Add 51) M l of 10% APS and f(! pi of TEMED to each 10 d of 
degassed monomer solution and poor the stacking gel solution on top of 
the resolving gel Align the comb in its proper position, being careful not 
to (rap bubbles under the teeth. Visible ^yrae'rizatjoa of the stacking gel 
should occur in about 18 ink No overlay is required, because the comb 
excludes oxygen tan the surfaces of the wells, Allow fee gel to polymer* 
m ki 30—45 m Allow unused monomer to polymerize in the beaker 
before disposing of it. 

In some situations. It may be necessary or convenient to let the gel 
stand overnight before it is used. When this is the case, it is best to pr 
the stacking gel on the day of the run to maintain the ion (feeoatituiiiies at 
the interface between the two geh. for storage, the top. of the resolving 
gel should be rinsed thoroughly and covered with resolving gel buffer 
(0,375 M.mi i\% SOS, pH m to avoid dehydration and ion deple- 
tion, Also, fee tops of the gel sandwiches should be covered with plastic 
wn 



The common biochemical buffers are usually tolerated in SDS- 
PAGE. so that pretreatment of samples is not generally required, Dis- 
torted band patterns, such as pinching or Haring of lanes, can be caused by 
excessive amounts of salt in fee samples. These distortions cm often be 
rem " 



1. Prepare the volume of SDS-reducing buffer required for the num- 
ber of samples to be run by adding 50 jtl of 2-nierea.ptoethanol to each 0.95 
ml of stock sample buffer (to a final concentration of i%. 2-Mrcf to- 
ethanolj, This step may be omitted, if reduction of disulfide bonds is not 
desired, 

2. Dilute samples wife at least 4 vol of complete SDS •reducing buffer 
(although as little as 2-fold dilution may be adequate for some samples}. 
Sample volumes are of the order of 20-50 #1 for conventional gels and > 
■50 $ for minieelk depending on the widths of the wells and the thick- 
nesses of the gels. Detection in gels requires on the order of I #g of 
protein, per band for easy visibility when staining with Coomassie Blue R* 
250 or Ovl g of protein per band with silver staining {see below). 

3. Heat the diluted samples at 9f for 4 min by suspending the sample 
tubes; mhof water, Do not store prepared m pfes. 

Elmmimis 

Assemble the electrophoresis cell. I the upper and lower reservoirs 
with electrode buffer, and remove the comb from the stacking gel. Load 
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the prepaid samples to the wells in the sta#t[ , 
under electrode bufe using amicrofit er syringe or inicropipct. The giyc- 
ero! in the samples provides ik tiecwy deniy fete lo sii to the 
bottoms of the wdfe and the Bronzed Blue Hading dye enables the 
samples to be seen during loading. Finally, attach leads to the unit and 
connect them to a power supply. The lower ekcirocie k the anode andthe 
upper one is the cathode, in SDS-PAGE. 

During an electopkf ess run, electrical energy is converted to heat 
which can cause band distortion and drfeion. In general electrophone 
should be carried out at power settings at which the w paafe as 
rapidly as the ctiamW ability to draw off heat will alto, In other 
words, the run should be as fast as p A without exceeding (tad. 
resoktand distortion limits. 

Many of the power supplies which are available allow control of any 
electrical quantity and Ik choice is almost a matter of preference, Con- 
stant current conditions, as a rule, result in shorter but hotter runs tip 
does constant voltage/ in the early stages of a run, the resistance of the 
gel increases as tte chloride ions nipte out of it Accordingly, voltage 
will rise or current will fail depending on whether constant current or 
constant voltage operation is. in use. 

Mtatf «el!s, with their to glass plates, are better able to 
efficiently dissipate the heat generated by" ihc tiiitiaUy h«h "currents at the 
beginnings of runs fa are standardised cells, Thus, the recommenda- 
tion is that gels should be run under constant current conditions (16-24 
mA/mnt of gel thickness) in conventional apparatus and at constant volt- 
age (20-30 V/cm of gel length) in mMk The use of recircnlated cool- 
ant, where possible^iows hi^r voltages and currents to be used for 
shortened run times. Electrophoresis told be started immediately after 
the samples are loaded and is generally continued until the Bromphenol 
Blue tracking dye has reached the bottom of the gel 

Cowwnti on MM 

The tomi SDS-PAGE system^ is an adaptation of an earlier 
method devised by Om.st# and Daws* feriraewtitm of native^ 
mm proteins, The differed (discontinuous} buffers used k the stacking 
and resolving gels are required for the proper functioning oi the tet^ 
Davis svstem. Howler, inclmion of SDS naodifi^ *e rational ot 
Omstda-Davis technique in kportant ways, since the properties o! the 
detergent donate the system/'^ 1 

» 8. J. Davis.***. .V.r..4c«Bf,.?ci.Ul^(W 
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The necessary components of the Laemmli SDS-PAGE system are a 
1MI gel buffer, the Tri^yciae-SDS electrode buffer, and the SDS* 
reducing sample buffer, As a consequence of SDS in the system, it is 
actually not necessary to cast the stacking gels at different pH or ionic 
strength than the resolving gels, Similar resolution is obtained whether 
the stacking gel is cast as above or in resolving gel buffer (0,375 MlmQi 
pH Ik This is because the mobilities of SDS -polypeptide complexes are 
festive to pH in this range/ When many gels are being cast at one time 
for storage and later use, it is convenient to cast the staking and re* 
ing gels in the Mme buffer. 

Total SDS load, on the other hand, has considerable influence on 
resolution,' 1 Inclusion of more than 200 g of SOS in 30- to S0#d samples 
'ation can lead to broadening and spreading of pro- 
;., With dilute, large volume samples, it may prove advantageous 
to limit the total SDS in the system by dropping the final SDS concentra- 
tion of the treated sample to about 0.5% and casting the gels without SDS, 
Because the mobility of SDS is greater than those of pteins, SDS from 
the electrode buffer quickly overtakes the proteins during electrophore- 
sis. The gel is thus supplied and continuously replenished with SDS from 
the electrode buffer at a level sufficient to maintain' the saturation ot the 



hrkttkm oj'Mehi 

The complete denatotion and dissociation of proteins with the 
Laemti SDS-PAGE system 4 "- are nor always desirable, For some 
analyses, it might be of interest to estimate the Mmk weights of 
particular proteins in their intact, oi.igom.erie forms. In other experiments, 
test might center on the biological activities of proteins in their native, 
nondeiuted states. Through selective use of the two delimits, 2- 
mercaptoethanol and SDS, conditions can be adjusted as needed to sepa- 
rate proteins in (he completely denatured partially denatured, or native 
stares, 

Covalent associations between protein units can be maintained by 
omitting 2- mercaptoethanol from the sample buffer, In the absence of the 
reducing agent, the intra- and interchain disulfide bonds of sample pro* 
tek remain intact, The eleclrophoretic mobilities of the res Ant SDS* 
protein complexes are correspondingly altered relative to those obtained 
under dissociathi conditions, During electrophoresis, the mobilities of 
oligwic SDS-proteins are lower than those of their fully denatured 
SSDSf olypepie components. Further; the electrophoreiic behaviors of 
single-chain polypeptides can also be Acted by reduction. The intra- 
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chain disulfide bridges of m$4mti proteins can hold Ihem in compact 
configurations that are more or less retained in the presence of SDS, 
'M% some SOS-proteins migrate faster dectrophoretically in the 
we of kiercaptoethanoi than when in the extended fractures br< 



m?mmom gel eimb 



to redaction, so that commons of SDS-PAGE gels ran with and with- 
out 2*mereapeifctnoi can be very informative,- 

To separate proteins without reduction, carry out the SIMAOE 
procedure described ate omitting kwpMfaoi from Ik sample 
buffer. Note that olipmc SDS-pmtein complexes migrate more slowly 
than their SDS-pofypeptide &M*. It may, therefore, fee necessary to 
use lower concentration (ST) gels than, with the My denaturing method 
to get oligomers to move adequate distances into the matrices, in 'addi- 
tion, nonreduced proteins may not be completed saturated with SDS and , 
knee, .may not bind the detergent, in a constant, weight ratio. This makes 
molecular weight deierminatioris of these molecules by SDS-PAGE less 
straightforward than analyses of fully denatured polypeptides, since it is 
necessary that both standards and unknown proteins be in similar conSgu- 
raiioiis for valid comparisons. 

When both SDS and 2-mercaptoethanol are left out of the Laerani 
procedure, what remains h the classical Oimtein-Davis PAGE sys- 
iem^ for native proteins. This is a high-resolution native PAGE method 
designed for separation of the Ml spectrum of serum proteins. Because 
the system was meant to separate a wide variety of proteins, resolution 
may not be optimal for some restricted ranges of protein mobilities, Al- 
though there are a number of high-resolution native PAGE systems avail- 
able to meet differing requirements^ ikQrnsteiit-Davis method should 
perform adequately .for the fractionation of the majority of commonly 
encountered protein mixtures. Molecular weights are more difficult to 
determine by native PAGE than by SDS-PAGE, since a single native 
system cannot distinguish the effects of charge and conformation on. pro- 
tein electrophone mobilities, 5- * 

The procedure described here k readily modified for native PAGE. 
Merely omit 2-mercaptoethanol from the sample buffer and replace the 
10% SDS in the recipes for the gel sample, and electrode buffo with 
equivalent volumes of water, follow the procedure as otherwise pre- 
sented, except for sample treatment. Samples should be diluted in m 
denaturing buffer (0.1 M Tm-Cl, pH 6.8, 10% glycerol. 0.025% Mm 
phenol Blue) following the same guidelines as for denaturing gels, but 
they should not be heated. 



43? 



Detection of Proteins in Gels 



Three oi the simplest and most reliable methods for ik detection of 
proteins m SWAGE gels are presented. They should be adequate to 
cover the requirements of most situations. Coomassie Brilliant Blue R* 
250 is the most common protein stain M is recommended for routine 
work. Silver staining is the most sensitive method for staining proteins in 
gels and should be employed when electrophoresis is used to assess the 
purity of a preparation; e.g., an antigen preparation. Copper staining is a 
recent development allowing rapid and sensitive staining! I) mmw of 
other detection methods, including M iolabefe and means for quantity 
mg p^teins i« gek ; can be fb^iid in Refe. 2 ; 5-7, aiid 26, 

After electrophoresis, remove the gel assembly a^d serrate the glass 
plates. The gel will probably stick to one of the t wo plates. Remove the 
spacers and cut off and discard the stacking gel Place the Ass plate 
holding the gei into fixative or staining solute and tot the gel off of the 
plate. Ail of the steps in gel staining are done at room temperature with 
gentle agitation (e.g„ on an orbital shaker platform) in any convenient 
container, such as a glass casserole or a photography tray, Always wear 
gfoves when staiaing geis. since fingerpiints will ^im. Permanent recorch 
of mA gels can be obtained by photographing them or by drying them 
using commercially available drying apparatus. 



% Mini ^ Coomssk Mmt Mm imi 

This is the standard method of protein detection. 5 ^ Easy visiblv 
requires on the onfer of ().Kl M g of protein per band. 

h Prepare ihe staining soiution: 0J% Coom^sie Briili^t Blue R^l^O 
W) m m methanol iv/v). m acetic acid (v/v). Filter the staining 
solution alter the dye has dissolved. Be staining solution k reusable' 
Store.it at room temperature, 

i Soak the gel. nun excess of staining solution for 30 min. 

3. Destain with a large excess of m methanol M acetic acid, 
Change the draining solution several times, until the background has 



s Theacid^kohol solutions used in this procedure do not eoi 
k pieman the gei, Tfe can lead to tees of some bw^molecuia. 
weight protemsduring the staining and detaining of thin gekPennanent 
toion s obtainable by incubating the gel in m methanol (v/v), 10% 
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438 purification procedures: retrophorh ic methods [hi 
tnclteoacetic acid (wiv) for I hr before if is immersed in the staining 



This method, developed by Mcrril and co-workers, cari.be as much as 
100 ties more sensitive than dye imn^ Bands containing 10- 100 n 
of protein can be easily seen. The reagents are available in kit km from 
Bio-Sad Laboratories, 

Reaction times vary with the thicknesses of the $k 

1, fix the proteins in the gel in about 400 ml of 40% methanol Iti 
acetic acid (v/v) (or 40% methanol, 10% trichloroacetic acid) for 30 min to 
overnight, 

2, Fix twice in 400 ml 10% etaioL 51 acetic acid (v/v) for 15-30 
min. 

3, Soak the gel for 3— 10 min 200 ml of fresh oxidizer solution 
(0,0034 M potassium dichroniate, 0,0032 /V nitric acid). 

4, Wash the gel three or four times for 5-10 min in 400 mi water, until 
the yellow color has been washed out. 

■5. Soak the gel in 200 nil fresh silver reagent (0.012 M silver nitrate) 
for 15-30 min. 

6, Wa*h the gel with 400 nil water for I -2 min, 

I Wash the gel for about i min in developer (0.28 M sodium carboii- 
ate, L85% parafarmaldchyde). 

I Replace the developer with fresh solution and incubate for 5 min, 

9, Replace the developer a second time ami allow development to 
continue until satisfactory staining has been obtained, 

10, Stop development with 5% acetic acid (v/v), 

Vertical streaks and sample-independent bids in the 50- to 70-kDa 
region are sometimes seen in siiveBtained gels, These articts have 
been attributed to reduction, of contaminants inadvertently introduced 



into the samples. 2 ' They can be eliminated by adding excess Moacef* 
raiment witli ^^.,^™hHfe^ 



Copper kilting 

Rapid , Ingle-step staining of SPS-PAGE gels is achieved by incubat- 
ing gels in copper chloride^ The resultant, icgaiively stained image of 

* C. lUml a Mw% i A,Se4m and M. & Ekt kkm 2% I4j" fisfi see 
also C. R, MeiTiL 0. Goktaft. arid M.L Van K« f serb. Vol. 104, p. 441, 

29 D. OcliS ( MJkiiwi.i^ 470 U9H3;. 

s> A. Gorg, W, tee!, I: Wear. S. GS.otber : 1. 1 Mh, S M. Haaash, and L, Sob*. 
ta^cro^, 12? (1^7). 

* C Ue, A. levk and D; BrarM M Ife »lf?k 
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the eleeirophoreiogram is intermediate in sensitivity between Giisw 
blue and silver staining, 



L Wash the gel briefly in water, 
I Soak the gel in (11 MCoClj for.) min, 
3. Wash the gel for 2-3 min in water. 



The method yields negatively stained gels showing clear protein bands 
on an opaque, ite-pen background, The protein bands can be easily 
seen and photographed with the gel on a black surta. Proteins arc not 
permanently feed by this method and can be quantitatively eluted after 
chelating the copper? 1 The efctophoretic pattern is lost when copper* 
stained gets arc dried so they must be photographed, restated with 
Coomassie Blue, or stored in water, 

Marker Proteins 

Mixtures of marker proteins are available for calibrating gels. PAGE 
standards are mixtures of proteins with precisely known molecular 
weights blended for uniform staining. They are obtainable in various .mo- 
lecular weight ranges, Concentrated stock solutions of the standards are 
diluted In sample buffer just prior to electrophoresis and treated in the 
same manner as the sample proteins. These proteins are suitable as refer- 
ence markers for molecular weight determinations, 

Frestained SDS-PAGE standards have recently become available. 
The coupling: of dye molecules to the marker proteins changes their mo- 
Secular weights significantly and unpredictably and they should not be 
used for molecular weight determinations. However, prestained stan- 
dards are very useful for following the coarse of an electrophoretic ran 
and are valuable for assessing the efficiencies of protein transfer* when 



Molecular Weight Determination 

Molecular weights of proteins are determined by comparison of their 
mobilities with those of several marker proteins of known molecular 
weight; 5 - 1 After the gel has ke n m hot before it has been mmi mark 
the position of the Bromphenol Blue tracking dye to identify the leading 
edge of the eiectrophoretic ion font, This can be done by cutting notches 
in the edges of the gel or by inserting a needle soaked in Mia ink info the 
gel at the dye font, After staining, measure the migration distances of 
each protein (markers and unknowns) from the top of the resolving gel, 
Divide the migration distance of each protein by the distance traveled by 
the tracking dye, The normalized migration distances so obtained are 
called the relative mobilities of the proteins (relative to \k dye front) and 
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conventionally denoted as ft. Contract a (^pilopthnlic) plot of the 
logarithms of the molecular weights of the protein standards as functions 
of the § values. Note that the jgraphs are sl|htly sigmoid. As kip the 
extreniife of a molecular weight range are avoided, unknown molecular 
weights cm be estimated by linear regression analysis or intimation 
from the curves of iog M. : vs Keep in mind that the molecular weights 
obtained using SDS-PAGE are those of the polypeptide sitafc mi not 
those of native, oligorneric protein, 

Preparative Electrophoresis 

The diost satisfactory way to recover proteins separated by SDS- 
PAGE for further study is to extract them from bands excised from the 
geis, Many attempts have been made to design continuous eh.it.ion devices 
suitable for routine protein purification in which bands emerging from the 
bottoms of electrophoresis gels are swept away to traction collectors,- 02 
The scarcity of preparative gel devices is evidence of the disappointing 
lack of success in developing generally useful instruments. Preparative 
gel electrophoresis would ideally he capable of yielding higWlgram to 
gram quantities of individual proteins recovered cleanly with the resolu- 
tion anticipated from the corresponding analytical gek In general, 
though, band distortion and poor elutios have limited the resolution at- 
tainable with most apparatus so that they have only worked well with 
relatively simple protein mixtures. The difficulties in scaling gel electro- 
phoresis up to preparative levels has tended to resiilt in devices which are 
rather cumbersome and which require much, technical skill for best 
results. As a consequence, proteins are usually obtained by extraction 
from analytical type gek ;i3 

Gets to be run for the Isolation of proteins^ can be cast using special 
preparative combs, These combs form wide sample wells spanning the 
widths of the gels and usually provide a separate, narrow reference well 
for marker proteins, le maximum amount of sample which can be 
loaded on a ge! ultimately depends on how well the proteins of interest are 
separated from their neighbors in the sample mixture, Since bands be- 
come wider as the amount of material increases, as sample load is raised, 
lie corresponding loss of resolution will eventually become unacceptable 
Protein loads 10- to 50-fold greater per unit of cmss-sectional area than 
are usually run in analytical gels are easily tolerated, This, with some 
large slab gek proteins can be recovered in tewklgnim amount 

s A. Chrap.b3.ch and N. Y. Nguyen, m "Eketrokiaeijc kp^.ioj] Methods'" (P. G. 
'Rpiti C J, Van 0$s, 'S I W. VaiukhoM*.!. p. 3ft .Elsevier, Amtfttim.. W% 
••M. Harrijigton. this \dm$% 
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Copper staining 31 (above) is advisable for the visualization of the 
bands in preparative SDS--PAGE. since this method does not employ 
Ixative solvents. Desired bands are cut from the gel and ...toasted by 
incubation in three changes (for it) mia each) of 0.251 EDIA, 0.25 M 
TrkCI, pH 9. After draining, gel slices are incubated In the appropriate 
elufakfe 

Proteins are often extracted fen macerated gel slices by simple «r- 
sion into appropriate buffers or by solobiiization Of ttiegd^ in the latter 
method, cross-links other than biwybide are copolymemed into 
Ihe gek' 7 For example, gekcross-liied with 0'- bisacrylyicystamine 
(BAO are dissolvable in 2-mercaptoetkrol or dithiolhmtol while both 
/V, A ? '-dihydroxyet!iylenebisacryiamide (DHEBA) and A ( , ' -dial J y I tartar- 
dknide (DAT!)) result in gels which can be soluhiW with periodic 
acid, Once gels have been dissolved, proteins must be separated from the 
large excess of gel material by gel filtration or ion-exchange ctawnatog- 
rapby. 

EfctrophoMe elofa is an efficient method for recovering proteins 
from gel slices.^* In the simplest versions of this method, proteins are 
eleetrophoresed out of gel pieces into dialysis sacks in the types of appa- 
ratus used for running cylindrical eel rods. Devices are available for the 
rapid recovery of proteins in small volumes with yields of greater than 
1% iii most cases, Elutios takes about 5 hr at 10 mA/tube in (1,025 U 
Tris< 0. 192 M glycine, 0.1% SDS, pK 8.3 (standard SDS-PAGE electrode 
buller), SDS can be removed from the eiuted samples by dialysis or 



[34] Protein Analysis Using High-Resolution 



|y Bonnis S, Dunbar, "'Hitomi Mm and Thmse M. Mm 

The term two-dimensional elMropkm has been used to describe a 
^rieiy of methods employing separation of molecules in two dimensions. 
The term high-resolution two-dimensional polyaerylamide gel electropho- 
resis (2D-PAGE) is nw-speciSdly applied to the separation of proteins 
in the first dimension according to their isoelectric points using isoelectric 
focusing pF) will] carrier ampholytes after reduction of disulfide bonds, 
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